We present phylogenetic analyses of the lizard genus Diplodactylus subgenus Strophurus using 1646 aligned positions of mitochondrial DNA sequences containing 893 parsimony-informative characters for samples of 12 species of Strophurus and 19 additional Australian gecko species. Sequences from three protein-coding genes (ND1, ND2 and COI) and eight intervening transfer RNA genes were examined using parsimony, maximum-likelihood and Bayesian analyses. Species of Strophurus appeared to form a monophyletic group with the possible exception of S. taenicauda . Strophurus has evolved two distinct defence/display characteristics: caudal glands, which expel an unpalatable substance, and striking mouth colours. Caudal glands appeared to have arisen once in a common ancestor of Strophurus , with dermal augmentation of caudal glands characterizing a subclade within the subgenus. Evolution of yellow and dark-blue mouth colours in Strophurus occurred in the context of diurnal activity and may be interpreted as an augmentation of defensive behavioural displays. Molecular divergence suggests that arboreality evolved in a common ancestor of Oedura and Strophurus approximately 29 Mya and that the caudal glands of Strophurus arose approximately 25 Mya.
INTRODUCTION
We examined phylogenetic relationships among diplodactyline geckos in Australia with emphasis on Diplodactylus subgenus Strophurus, a group distinguished from its closest relatives by arboreality and diurnal activity. Diplodactylus and related genera ( Crenadactylus, Oedura, Rhynchoedura ) belong to the taxon Diplodactylini, one of two major subgroups of the gekkonid subfamily Diplodactylinae (Fig. 1) recognized by Kluge (1967a Kluge ( , b, 1987 and Bauer (1990) . Molecular phylogenetic work by Donnellan, Hutchinson & Saint (1999) supports monophyly of Diplodactylini but provides no strong support for monophyly of the other subgroup, Carphodactylini. Diplodactylus is the largest genus within Diplodactylini, but prior phylogenetic hypotheses suggest that it is not a monophyletic group (Greer, 1989) .
The 16 species placed in subgenus Strophurus possess caudal glands that eject a sticky noxious substance through skin ruptures on the mid-dorsal line of the tail to repel predators (Rosenburg & Russell, 1980) . Strophurus is diagnosed also by fleshy cloacal spurs, inscriptional ribs approaching the ventral line, and absence of the lateral pair of postcloacal bones (Böhme & Sering, 1997) . Russell & Rosenburg (1981) initially placed D. ciliaris , D. elderi , D. michaelseni , D. spinigerus, D. strophurus , D. taenicauda and D. williamsi in the subgenus Strophurus. Rosenburg, Russell & Kapoor (1984) (Greer, 1989; Cogger, 2000; Kluge, 2001) , which is given generic status by some authors . Although we regard these species tentatively as being part of Diplodactylus, we refer to them in the remainder of this manuscript using Strophurus in place of the genus name to distinguish them from other Diplodactylus.
Geckos of the subgenus Strophurus can fire from the dorsal surface of their tail thin streams of viscous tailgland secretions aimed by curving the tail (Rosenburg & Russell, 1980; Greer, 1989) . Preliminary biochemical characterization shows that the substance contains protein and glycoprotein and is similar among species (Rosenburg et al ., 1984) . Previous studies suggest that the caudal glands are evolutionary modifications of fat bodies that occupy a similar position in many other lizards, including other Diplodactylini (Rosenburg et al ., 1984; Greer, 1989) . Most Strophurus lack caudal fat bodies, their place being filled by caudal glands (Rosenburg & Russell, 1980) . Caudal glands have evolved separately in the diplodactyline genus Eurydactylodes from New Caledonia (Böhme & Sering, 1997) .
Another striking defence/display feature of most Strophurus is a conspicuous mouth colour, either dark blue or yellow (Greer, 1989) . Geckos have a characteristic defensive posture that usually involves lifting and arching the body, extending the throat, and slowly waving the raised tail from side to side. Within Diplodactylinae, this behaviour has been documented in Nephrurus spp. (Galliford, 1978) , Oedura tryoni , Phyllurus platurus , and S. taeniatus (Schmida, 1973) . Many species open their mouths during these displays, exposing the mouth colour (Bustard, 1964) . A blue mouth occurs in S. assimilis , S. ciliaris, S. intermedius , S. rankini , S. spinigerus , S. strophurus, S. wellingtonae and S. williamsi ; a yellow/orange mouth colour occurs in S. ciliaris and S. taeniatus, whereas S. elderi has the pink mouth characteristic of most Diplodactylini (Greer, 1989) .
We present a molecular phylogenetic study of 12 of the 16 recognized species of Strophurus (excepting S. jeanae, S. michaelseni, S. robinsoni and S. wilsoni ) to examine evolutionary patterns of caudal glands and mouth colours. Sequences reported include a 1853-bp segment of the mitochondrial genome extending from the protein-coding gene ND1 (subunit one of NADH dehydrogenase), through the genes encoding tRNA Ile , Figure 1 . Schematic diagram of hypothetical relationships within Diplodactylinae as proposed by Greer (1989) , based primarily on Kluge (1967b) . Lucasium has been synonymized with Diplodactylus , and Phyllurus was split into three genera ( Orraya, Phyllurus and Saltuarius ) in subsequent studies (Kluge, 2001; Hoskin, Couper & Schneider, 2003 Cys and tRNA Tyr , to the protein-coding gene, COI (subunit I of cytochrome c oxidase). In addition, we sampled eight other species within Diplodactylini, including representatives of three previously recognized species groups of Diplodactylus, and eight species in Carphodactylini. We also included in our analysis a pygopodid lizard, Lialis jicari, because prior studies suggest a phylogenetic affinity between pygopodids and diplodactyline geckos (Donnellan et al ., 1999) . Two Australian gekkonine taxa, Heteronotia binoei and Gehyra variegata , and a previously published sequence of the south-east Asian species, Gekko gecko (Macey et al ., 1999) , were included as outgroups.
MATERIAL AND METHODS

S PECIMEN INFORMATION
Details of the voucher specimens from which DNA was extracted are given in Table 1. L ABORATORY PROTOCOLS AND ALIGNMENT OF DNA SEQUENCES Genomic DNA was extracted from liver, muscle or blood using Qiagen QIAamp tissue kits. Different primer combinations were used to amplify from genomic DNA ( Table 2) . Amplifications of genomic DNA were conducted using a denaturation step at 94 ∞ C for 35 s, annealing at 53 ∞ C for 35 s, and extension at 70 ∞C for 150 s, with 4 s added to the extension per cycle for 30 cycles. Negative controls were run for all amplifications. Amplified products were purified on 2.5% Nusieve GTG agarose gels and reamplified under similar conditions. Reamplified doublestranded products were purified on 2.5% acrylamide gels (Maniatis, Fritsch & Sambrook, 1982) . Template DNA was eluted from the acrylamide passively over 3 days with Maniatis elution buffer (Maniatis et al., 1982) . Cycle-sequencing reactions were run using a Promega fmol DNA sequencing system with a denaturation step at 95∞C for 35 s, annealing at 45-60∞C for 35 s, and extension at 70∞C for 1 min, for 30 cycles. For manual sequencing, reactions were run on Long Ranger sequencing gels for 5-12 h at 38-40∞C. For automatic sequencing, reactions were run on an ABI373 system. Alignment of tRNA genes was based on secondary structural models (Kumazawa & Nishida, 1993; Macey & Verma, 1997) . Secondary structures of tRNAs were inferred from primary structures of the corresponding tRNA genes using these models. Unalignable regions in the three length-variable loops (dihydrouridine (D), TYC (T) and variable loops) of some tRNA genes, and some intergenic sequences, were excluded from the phylogenetic analyses.
PHYLOGENETIC ANALYSIS
Phylogenetic trees were estimated using PAUP* beta version 4.0b10a (Swofford, 2002) with 100 heuristic searches using random addition of sequences under the parsimony criterion. Bootstrap resampling was applied to assess support for individual nodes using 500 bootstrap replicates with ten heuristic searches featuring random addition of sequences. Decay indices (= 'branch support' of Bremer, 1994) were calculated for all internal branches of the tree using TREEROT version 2a (Sorenson, 1999) . We refer to bootstrap percentages and decay indices as heuristic measures of branch support because they provide useful information regarding the amount of character support for individual branches but they do not constitute statistical tests of hypotheses.
Maximum likelihood was used to estimate a phylogenetic tree that maximized the probability of the observed data. ModelTest version 3.06 (Posada & Crandall, 1998) was used to compare the goodnessof-fit of different models of sequence evolution to the data, and to generate optimal likelihood settings. Simultaneous optimization of maximum-likelihood parameters and phylogenetic hypotheses for this data set was computationally impractical. The bestfit model parameters were fixed and the overall most parsimonious tree(s) were used as starting trees for branch swapping in 25 heuristic searches with random addition of taxa to find the overall best likelihood topology. Bootstrap resampling was applied to assess support for individual nodes using 100 bootstrap replicates with ten heuristic searches featuring random addition of sequences. Model parameters were fixed for bootstrap analyses, as above.
Bayesian analysis was used to estimate a phylogenetic tree using many of the default values in MrBayes 2.1 (Huelsenbeck & Ronquist, 2001 ). All analyses were initiated from random starting trees and run for 2 000 000 generations using four incrementally heated Markov chains. Values of the likelihood model selected from the best-fit model of nucleotide substitution using ModelTest were estimated from the data and initiated using flat priors. Trees were sampled every 100 generations, resulting in 20 000 saved trees. To ensure that Bayesian analyses reach stationarity, the first 5000 saved trees were discarded as 'burn-in' samples following Leaché & Reeder (2002) . Three analyses were run independently beginning with different starting trees to check that searches did not become trapped on local optima. For all three runs, ln-likelihood scores converged on similar values. Sampled trees from all three runs were combined to yield 45 000 saved trees. These trees were used to generate a 50% majorityrule consensus tree in PAUP* and the percentage of trees having a particular clade represented that clade's posterior probability (Huelsenbeck & Ronquist, 2001) .
A Wilcoxon signed-ranks test (Templeton, 1983; Felsenstein, 1985) was applied to examine whether the most parsimonious tree was significantly shorter than an alternative or whether the differences in tree length could be attributed to chance alone (Larson, 1998) . The Wilcoxon signed-ranks test was conducted as a two-tailed test using PAUP* (Felsenstein, 1985) .
The SH test of Shimodaira & Hasegawa (1999) , a likelihood-based test of topologies, was used to evaluate the statistical significance of the favoured tree relative to alternative hypotheses. The statistical power of the SH test appears comparable to that of the twotailed Wilcoxon signed-ranks test (Townsend & Larson, 2002) . Phylogenetic topologies were constructed in MacClade (Maddison & Maddison, 1992 ) and used Sequences were aligned for phylogenetic analysis with a sequence of Gekko gecko (Macey et al., 1999) as constraints in PAUP*. A search, using the maximum-likelihood settings determined previously in MODELTEST and starting from a neighbour-joining tree, was used to estimate a phylogenetic tree that maximized the probability based on the alternative hypothesis. An SH test, using 10 000 replications, was then run to determine whether the favoured likelihood tree was significantly better than an alternative or whether their differences could be attributed to chance alone.
RESULTS
SEQUENCE ALIGNMENT
Twenty-six new sequences of Australian geckos, representing ~1853 bases of the mitochondrial genome, are reported. These sequences were aligned for phylogenetic analysis with a sequence of Gek. gecko (Macey et al., 1999) . Of the 1646 unambiguous sites in 27 aligned sequences, 1136 were variable and 893 were parsimony-informative. All base positions in protein-coding genes were alignable. Part of the ND1 gene was excluded from analyses (positions 1-19) because a shorter region of the mitochondrial genome was sequenced in L. jicari (1834 bp). Gaps were placed in ND2 gene sequences at codon 308 (positions 1350-1352) for all species except Carphodactylus laevis, Nephrurus levis, N. milii, Pseudothecadactylus lindneri, S. strophurus, Gek. gecko, L. jicari, H. binoei and Geh. variegata Table 3 .
NUMBER OF INFORMATIVE CHARACTERS AND TESTS FOR SUBSTITUTIONAL SATURATION
Because our molecular data contained a large number of parsimony-informative characters both within Primers are designated by their 3¢ ends, which correspond to the position in the human mitochondrial genome (Anderson et al., 1981) by convention. H and L designate primers whose extension produces the heavy and light strands, respectively. Primers used to amplify are designated by 'amp' following the primer name. Positions with mixed bases are labelled with the standard one-letter code: R = G or A, Y = C or T, N = G, A, C, or T. Diplodactylinae and between the ingroup and outgroup taxa, a simple lack of characters cannot explain the weak support observed for many branches in the parsimony phylogeny. The number of phylogenetically informative characters (893) was 28 times the number of taxa sampled (33). We plotted maximum-likelihood distances vs. observed differences between paired sequences to test for substitutional saturation. The strong non-linear curve, in both uncorrected distances and silent transitions, suggests substitutional saturation. The relationship between maximum-likelihood distances and uncorrected divergences between paired sequences was a linear increase until approximately 20% sequence divergence, after which the relationship became strongly non-linear (Fig. 2) . A large gap in pairwise sequence divergence occurred between approximately 27% and 30%, which can be attributed to the large sequence divergence between the ingroup (Diplodactylinae) and outgroup (Gekkoninae) taxa.
PHYLOGENETIC RELATIONSHIPS USING PARSIMONY
A single most parsimonious tree (6038 steps) resulted from analysis of 1646 aligned base pairs of 33 gecko species, containing 893 phylogenetically informative base positions (Fig. 3) Fig. 3) . Strophurus was monophyletic with the exclusion of S. taenicauda, and monophyly of the subgenus as a whole cannot be rejected using our statistical tests (Table 4) . The earliest divergence within the clade containing Strophurus excluding S. taenicauda produced two major subgroups: (1) S. taeniatus and S. mcmillani (bootstrap 89, decay index 11), and (2) The five species of Nephrurus sampled were grouped with strong support (bootstrap 100%, decay index 25), consistent with monophyly of this genus. Our molecular phylogenetic results support Bauer's (1986 Bauer's ( , 1990 ) and Greer's (1989) hypothesis that the species with greatest phalangeal reduction (represented here by N. levis, N. laevissimus and N. vertebralis) form a clade (bootstrap 100%, decay index 25).
PHYLOGENETIC INFERENCES USING MAXIMUM-LIKELIHOOD AND BAYESIAN ANALYSES
Among 56 likelihood models examined using the shortest tree from the parsimony analysis, the most complex model (GTR + I + G) had the highest likelihood and was significantly favoured over alternatives by hierarchical likelihood-ratio tests. Model parameters were: alpha = 0.530; proportion of invariant sites = 0.147; substitution rates R(a) = 0.670, 196. Twenty-five random-addition heuristic searches using the parsimony tree as the starting topology yielded a single optimal tree with a log-likelihood score of -25 724.13 (Fig. 4) .
Maximum-likelihood bootstrap resampling using 100 bootstrap replicates (Fig. 4) Topological differences between results of parsimony and likelihood analyses were limited to parts of the tree where neither analysis resolved branches with strong support, making their results essentially equivalent.
Bayesian analysis performed using the GTR + I + G nucleotide substitution model and parameters estimated from the sequence data included 60 000 saved trees, 15 000 of which were considered 'burn-in', leaving 45 000 trees. A 50% majority-rule consensus tree of the 45 000 trees had the same topology as that of the maximum-likelihood tree with a mean loglikelihood of -25 780.60 and variance of 40.58 (Fig. 4) . All groupings that received strong heuristic support from parsimony and likelihood analyses occurred in 99-100% of the 45 000 trees from the Bayesian analysis. Comparison of branch support as assessed using parsimony, likelihood and Bayesian criteria was consistent with the suggestion that Bayesian posterior probabilities may overestimate support for branches in the tree (Suzuki, Glazko & Nei, 2002) .
HYPOTHESIS TESTING USING ALTERNATIVE
TOPOLOGIES
Although Diplodactylini (Crenadactylus, Diplodactylus, Oedura, Rhynchoedura and Strophurus) was recovered as a monophyletic group in both parsimony and likelihood analyses and supported 100% by Bayesian analysis, this grouping was not statistically robust according to tests based on parsimony and maximum likelihood (Table 4) .
Parsimony and likelihood tests rejected monophyly of Carphodactylini (Carphodactylus, Nephrurus, Saltuarius and Pseudothecadactylus) because of strong support for placing a pygopodid, L. jicari, within this group (Table 4) . Within Carphodactylini, genera Carphodactylus, Nephrurus and Saltuarius formed a monophyletic group in all analyses with moderate to strong heuristic support, although the results in Table 4 indicate this grouping not to be statistically robust.
All phylogenetic analyses found Strophurus not to form a monophyletic group, but the tests in Table 4 indicate that the data could not statistically reject monophyly of Strophurus. This result is consistent with the observation that the branches that must be broken to place S. taenicauda with the clade containing all other Strophurus received very weak support by parsimony and likelihood criteria, although two got For the Wilcoxon signed-ranks test, the null hypothesis was that the shortest tree(s) corresponding to the conditions listed are not significantly longer than is the overall most-parsimonious tree (N = number of characters that differ in minimum number of changes on the two trees, Z = normal approximation derived from the Wilcoxon test statistic, P = significance level for a two-tailed test, NS = result not significant). For the SH test, the null hypothesis was that the maximumlikelihood tree corresponding to the conditions listed is not significantly different from the overall optimal maximumlikelihood tree. (Diff -ln L is the difference in ln-likelihood between the alternative hypothesis as stated and the overall maximum-likelihood tree). high Bayesian support. The hypothesis of a single evolutionary origin of the distinguishing morphological characteristics of Strophurus therefore cannot be rejected by the data presented here. Both parsimony and likelihood-based tests rejected monophyletic groupings of Strophurus species sharing the two derived mouth colours, blue and yellow, and a grouping of the blue-mouthed Saltuarius with bluemouthed Strophurus (Table 4) . These results suggest homoplastic evolution of mouth colour in diplodactyline geckos.
TAXONOMIC ISSUES IN DIPLODACTYLINAE
Our results are consistent with molecular phylogenetic work by Donnellan et al. (1999) in grouping Pygopodidae (L. jicari) with the gekkonid subfamily Diplodactylinae, but equivocal with respect to whether the pygopodid forms the sister taxon to Diplodactylinae or occurs phylogenetically nested within this subfamily. Our phylogenetic analyses are consistent with monophyly of Diplodactylini (Kluge, 1967b) although this result was not statistically robust. Monophyly of Carphodactylini was neither supported nor statistically rejected. Our sampling was insufficient to assess monophyly of the large genus Diplodactylus, but our results suggest that Diplodactylus is likely to be paraphyletic with respect to Oedura and Rhynchoedura. A conservative taxonomy would consider these latter names synonyms of Diplodactylus pending a more extensive phylogenetic survey of Diplodactylus.
Within Carphodactylini, our study strongly supports monophyly of genus Nephrurus, including N. milii, as proposed by Bauer (1986 Bauer ( , 1990 . Some previous work placed N. milii (synonymous with Underwoodisaurus milii) in genus Phyllurus (Kluge, 1967b; Russell, 1980) , but our study strongly favours inclusion of N. milii within Nephrurus.
AGES OF PHYLOGENETIC DIVERGENCES
The mitochondrial segment analysed here has been found to evolve at a rate of approximately 1.3% divergence between lineages per Myr of evolutionary separation; this calibration has been confirmed among diverse vertebrates (see review by Weisrock et al., 2001) , including gekkonid lizards (Macey et al., 1999) . This calibration was used to estimate divergence times for major lineages of Diplodactylinae using the maximum-likelihood corrected distances in Table 3 .
Haplotype divergences among Strophurus species were substantial, indicating that evolutionary divergences among extant species occurred approximately 8-28 Mya, with sequence divergences ranging between 6% and 22% ( Table 3) . Most of these values are well above the level (10%) at which mitochondrial DNA sequences are expected to show substitutional saturation (Moritz, Dowling & Brown, 1987) , and are therefore probably underestimates. The average divergences of haplotypes among the six lineages of Diplodactylini (Strophurus, the D. vittatus group, O. marmorata, R. ornata, D. stenodactylus and C. ocellatus) were above 20% (range 20-23%; Table 3 ), indicating that these lineages have undergone separate evolutionary change for at least 30 Myr. The divergences within the Carphodactylini (C. laevis, Nephrurus and Saltuarius) were similar to those within Diplodactylini (range 22-25%; Table 3 ). The sequence divergences between Carphodactylini, Diplodactylini, Lialis and Pseudothecadactylus were all greater than 25%, indicating that divergence of their ancestral lineages exceeds 45 Myr. The divergence between the Gekkonidae outgroups and the Diplodactylinae exceeded 30% (Table 3) , as found by Macey et al. (1999) for comparisons between Gekkoninae and Eublepharinae. These dates are generally compatible with previous estimates based upon immunological comparisons of albumins (reviewed by King, 1990 ).
DISCUSSION
Our phylogenetic analyses considered together with the morphological characters discussed by Greer (1989) suggest a single origin of caudal glands in Diplodactylus and a monophyletic subgenus Strophurus. Our molecular phylogenetic analyses consistently grouped all Strophurus species except S. taenicauda as a clade. The molecular data were equivocal regarding the exact phylogenetic placement of S. taenicauda, and did not reject its grouping with the other Strophurus. We found the sharing of caudal glands to be a strong morphological synapomorphy grouping S. taenicauda with the other Strophurus, and this grouping could be achieved on the parsimony tree (Fig. 3) by collapsing a single branch having a decay index of 1. S. taenicauda probably represents an early phylogenetic divergence from the group containing the remaining Strophurus, this divergence being sufficiently old to be beyond the optimal resolving power of the mitochondrial DNA sequences reported here. This phylogenetic position for S. taenicauda also explains Kluge's (1967b) (Böhme & Sering, 1997) . Our molecular phylogenetic results considered together with those of Donnellan et al. (1999) suggest that caudal glands are an evolutionarily derived feature in Diplodactylinae, having arisen independently in two different groups that are phylogenetically nested within different parts of this subfamily. It seems less likely that caudal glands are ancestral for Diplodactylini as hypothesized by Richardson & Hinchliffe (1983) . Greer (1989) grouped Oedura with Strophurus based on their shared arboreality and associated adhesive toe pads. These groups differ from other Diplodactylini in being arboreal rather than terrestrial. Our data neither support nor reject this grouping but are compatible with viewing the toe pads as a synapomorphy of Oedura and Strophurus. The best hypothesis based on the levels of phylogenetic divergence reported here is that arboreality originated in a common ancestor of Oedura and Strophurus approximately 29 Mya, and that caudal glands originated in a common ancestor of all Strophurus approximately 25 Mya, followed by further morphological modifications of the tail in some lineages of Strophurus.
The caudal glands of Strophurus constitute a longitudinal series of paired chambers (one pair per vertebral segment) filled with a sticky, viscous substance fired through a series of mid-dorsal slits, or rupture zones, on the tail. Enlarged scales and/or spines surround the caudal rupture zones in S. ciliaris, S. intermedius, S. rankini, S. spinigerus, S. williamsi, S. assimilis, S. wellingtonae and S. strophurus. These species were grouped as a clade with moderate support in our molecular phylogenetic analysis, suggesting that enlarged caudal scales/spines are a synapomorphy for the group. The age of this clade can be estimated at approximately 16 Myr using the maximum-likelihood corrected sequence divergences and the rate calibration of Weisrock et al. (2001) . Greer (1989) grouped the remaining five species of Strophurus (S. elderi, S. mcmillani, S. michaelseni, S. taeniatus and S. wilsoni) based on the synapomorphy of lacking femoral pores, and he noted that these species also share small body size, longitudinally striped patterns, and use of hummock-grass habitats. Our analyses consistently grouped S. mcmillani and S. taeniatus as predicted and neither reject nor support a grouping of S. elderi with these species; sampling was unavailable for the other two species of this grouping. Our results are compatible with Greer's (1989) phylogenetic interpretations for these characters and species but offer only partial confirmation of his predictions.
The caudal glands in Strophurus almost certainly serve an antipredation function. The substance secreted from the caudal glands is sticky and odorous (Bustard, 1970; Richardson & Hinchliffe, 1983) . However, there are very limited accounts of tail-squirting behaviour being observed in an antipredator role. S. elderi kept in captivity with L. burtonis are not consumed by the pygopodid (Bustard, 1970) , and L. burtonis has been observed to drop the gecko after receiving a dose of caudal secretion. Rosenburg & Russell (1980) found that chicks offered mealworms smeared with the caudal secretions from Strophurus demonstrated an obvious response by either rejecting the food item or taking a relatively long time to consume it. Thus, available information indicates that the caudal secretions may be unpalatable to potential predators.
Evolution of tail structures in Strophurus occurs in the context of conflicting functional demands. In addition to the antipredation function of caudal secretions (Rosenburg & Russell, 1980) , tails also apparently serve a prehensile function in climbing (Pianka & Pianka, 1976) and are used in behavioural displays. All of these roles are compromised by tail autotomy (Pianka & Pianka, 1976; Bauer & Russell, 1994) , especially the caudal-gland ejection mechanism, which is not completely restored in regenerated tails (Rosenburg & Russell, 1980) . Pianka & Pianka (1976) found a very low rate of tail loss in S. ciliaris, S. williamsi and S. strophurus, whereas they found a high rate of both predation and tail loss in S. elderi (Pianka & Pianka, 1976) . Considered in the light of our phylogenetic results, these comparisons suggest that the clade characterized by elaboration of spines and tubercles surrounding the caudal glands (S. ciliaris, S. intermedius, S. rankini, S. spinigerus, S. williamsi, S. assimilis and S. strophurus; Fig. 3 ) has evolved a strategy in which tail loss is minimized, whereas other Strophurus, such as S. elderi, are more likely to depend on tail autotomy to escape predators. Bauer & Russell (1994) suggest, following Minton (1983) , that S. elderi may avoid predation by oozing its tail secretion prior to tail detachment, thereby entangling the predator's mouthparts in the sticky detached tail. Our phylogenetic results provide a historical framework for further comparative studies of the functional morphology of Strophurus tails to evaluate the complex interrelationship of coevolved traits involving caudal glands, caudal autotomy, predation levels and caudal augmentation (spines and tubercles).
The molecular phylogenetic results and morphological synapomorphies discussed above suggest homoplastic evolution of the striking mouth colours, dark blue and yellow, that are observed in Strophurus but absent from other Diplodactylini (Table 5) . Mouth colours other than pink are uncommon in geckos, perhaps because most geckos are nocturnal. Visibility of mouth colour, especially the dark blue in Strophurus, would be very limited at night. Members of Strophurus are the only Australian geckos that have been observed to be active during the day, exposing themselves to daylight (Ehmann, 1980) and even basking in full sun (reviewed by Greer, 1989 ). Thus, it is possible that mouth colour, when used in defence displays, has coevolved with a shift in activity patterns, providing a more striking display against diurnal predators. The dark-blue colour spans the deepest phylogenetic divergences within Strophurus (Fig. 5) and might be considered ancestral for Strophurus except that S elderi, which is phylogenetically nested within this clade, has the pink mouth colour considered ancestral for diplodactyline geckos (Table 5 ). The dark-blue colour, therefore, may have two separate origins within Strophurus, and it has arisen independently in the genus Saltuarius (Fig. 5) and Ps. australis (A. M. Bauer, pers. comm.; species not sampled). The yellow colours observed in S. ciliaris and S. taeniatus almost certainly represent separate derivations (Fig. 5) . Homoplastic evolution of mouth colour has been found also in Australian agamid lizards (Melville, Schulte & Larson, 2001) . Further comparative studies done in Table 5 . Internal mouth colours observed in diplodactyline geckos and outgroups
Species
Museum observations Field observations the context of these phylogenetic results should clarify the biological role and potential adaptive significance of mouth colour in Strophurus.
In conclusion, our results are consistent with the hypothesis that caudal glands arose early in the evolutionary history of Strophurus, over 20 Mya, and that dermal augmentation occurred subsequently within a clade currently containing seven species (S. ciliaris, S. intermedius, S. rankini, S. spinigerus, S. williamsi, S. assimilis and S. strophurus) . Elaboration of caudal glands and low rates of tail autotomy for this clade conform to evolutionary strategies predicted for an actively functional tail (Vitt, Congdon & Dickson, 1977) . We suggest that evolutionary diversification of mouth colour in Strophurus is associated with diurnal defensive displays. Our phylogenetic analyses of character variation in Strophurus make this group a good system for further study of evolution of adaptations for arboreality and diurnal activity in geckos.
